objectives: Previous studies concerning ultrasound evaluation of the seminal vesicles (SV) were performed on a limited series of subjects, and considered few parameters, often only before ejaculation and without assessing the patients' sexual abstinence. The aim of this study was to evaluate the volume and the emptying characteristics of the SV and their possible correlations with scrotal and transrectal ultrasound features.
Introduction
Seminal vesicles (SV) are paired, saccular and coiled structures, located superior and posterior to the prostate, between the bladder and the rectum (Ramchandani et al., 1993; Kim and Lipshultz, 1996; Kim et al., 2009) . They are androgen-dependent accessory sex glands, which produce and secrete an alkaline secretion contributing 50 -80% of the ejaculate volume (Ramchandani et al., 1993; Kim et al., 2009) .
Although ultrasound is nowadays recognized as the gold standard for evaluating SV diameters, there is no consensus on the method to be used to calculate their volume. In fact, SV volume has only been assessed in a few studies, in a limited series of subjects, using different algorithms and before ejaculation (Tanahashi et al., 1975; Terasaki et al., 1993) . In addition, the few studies performed before and after ejaculation did not assess the SV volume, evaluating only SV anterior -posterior diameter (Colpi et al., 1997; La Vignera et al., 2008) or anterior -posterior and longitudinal diameter (Hernandez et al., 1990; Fuse et al., 1992; Terasaki et al., 1993) . Finally, only some authors (Colpi et al, 1997; La Vignera et al., 2008) took sexual abstinence into consideration.
At transrectal ultrasound, SV have a typical 'bow-tie' appearance in a transverse scan and an oval configuration. Their echo-texture is usually homogeneous and slightly less echogenic than the prostate (Ramchandani et al., 1993; Kim and Lipshultz, 1996) . Some ultrasound features have been proposed as suggestive of SV abnormality or pathology (Colpi et al., 1997; Vicari, 1999; Kim et al., 2009) . In particular, 'enlargement and asymmetry' and 'wall thickening and calcification' have been proposed by some authors as signs of vesiculitis (Kim and Lipshultz, 1996; Vicari, 1999; Kim et al., 2009) . In addition, 'roundish anhecoic areas' within the SV (Colpi et al., 1997) , also described as 'areas of endocapsulation' (Vicari, 1999) , have also been suggested as signs of vesiculitis (Vicari, 1999) and stasis (Colpi et al., 1997) . Enlarged SV anterior -posterior diameter has been related to partial ejaculatory ducts obstruction (Littrup et al., 1988; Hellerstein et al., 1992; Kim and Lipshultz, 1996; Colpi et al., 1997) . However, no clear cut-off discriminating normal or pathological ultrasound findings has been reported. Thresholds indicating SV enlargement are often arbitrary (Littrup et al., 1988; Vicari, 1999) .
The aim of this study was to evaluate the SV volume, ultrasound features and SV emptying characteristics in a series of patients attending an andrology clinic for couple infertility, along with their possible correlations with scrotal or transrectal ultrasound features.
Materials and Methods

Patients
We retrospectively studied 381 consecutive male patients (mean age of 35.6 + 7.3 years) attending our outpatient clinic for the first time from January 2008 to March 2011, seeking medical care for couple infertility. Patients with uni-or bilateral SV agenesis (n ¼ 11 and n ¼ 2, respectively) have been excluded from the statistical analysis.
All patients were evaluated before beginning any treatment. All patients underwent a complete andrological and physical examination, including the measurement of blood pressure, height and weight. In addition, scrotal and transrectal ultrasound was routinely performed. This was done because our Regional Health Care System does not allow us to perform any genetic analysis on infertile patients unless a suspected obstruction has been evaluated. Hence, all patients enrolled underwent the usual diagnostic protocol applied to newly referred subjects at the andrology outpatient clinic for infertility. All the data provided were collected as part of a routine clinical procedure and therefore, according to Italian law, approval from the local ethical committee was not required. In addition, at the time of the first visit, all patients gave their written informed consent to have their clinical records included in a dedicated database and they were aware that their data, after having been made anonymous, would be used for clinical research purposes.
Colour-Doppler ultrasonography
All patients underwent scrotal and transrectal colour-Doppler ultrasonography (CDU), the latter before and after ejaculation. In order to prevent bias on the part of the examiner, scrotal and transrectal CDU were performed intermittently by two experienced physicians (F.L. and M.M.), unaware of the clinical data, using the same ultrasonographic console (Hitachi H21, Hitachi Medical System, Tokyo, Japan). The prostate-vesicular region was assessed at rectal ultrasonography through transverse, longitudinal (Behre et al., 1995; Vicari, 1999) and oblique scans with patients placed in the left lateral decubitus (Lotti et al., 2011a,b) . Two different probes were used, a transrectal biplanar probe (linear transducer U533L 7.5 MHz; convex transducer U533C 6.5 MHz), more sensitive for the detection of prostatic features and an 'end fire' probe (V53W 6.5 MHz, field of view 50 -2008) in order to better investigate SV, according to previous studies (Older and Watson, 1996; Lotti et al., 2011a,b) . Prostate volume was measured using the planimetric method as previously reported (Behre et al., 1995; Vicari, 1999; Lotti et al., 2011a,b) . Prostate and SV were studied scanning the organs at 5-mm intervals in transverse, longitudinal (Behre et al., 1995; Vicari, 1999) and oblique sections in order to study the CDU features, as previously reported (Behre et al., 1995; Vicari, 1999; Lotti et al., 2011a,b) . In particular, prostate inhomogeneity and echogenicity were defined according to previous studies (Behre et al., 1995; Vicari, 1999; Lotti et al., 2011a,b) . SV echo-texture, particularly SV 'areas of endocapsulation', were defined according to previous studies (Colpi et al., 1997; Vicari, 1999; La Vignera et al., 2008; Lotti et al., 2011a; see Fig. 1A ), as were SV 'giant cysts' (Patel et al., 2002; Kim et al., 2009; see Fig. 1B) and SV 'wall thickening and septa' (Vicari, 1999; Kim et al., 2009; see Fig. 1C ). Utricular cyst was defined as previously reported (Kim and Lipshultz, 1996) . Since there is no consensus on the method to be used for the evaluation of SV volume, we calculated it, before and after ejaculation, using three different mathematical formulae: the 'cone' [p × R 2 × h/3, considering R ¼ 1/2 the anterior -posterior maximum diameter and h the maximum longitudinal diameter of the seminal vesicle], the 'truncated cone' [p × h/3 (R 2 + Rr + r 2 ), considering R ¼ 1/2 the anterior-posterior maximum diameter, r ¼ 1/2 the anterior-posterior SV body diameter and h the maximum longitudinal diameter of the seminal vesicle] and the 'ellipsoid/prolate (d1 . d2 ¼ d3) spheroid' (like a rugby ball; d1 × d2 × d3 × 4/3 × p, considering d1 ¼ 1/2 the maximum longitudinal diameter of the seminal vesicle and both d2 and d3 ¼ 1/2 the anterior -posterior maximum diameter; see Fig. 1D and E). A mathematical modelling using the three equations indicated that the ellipsoid/prolate spheroid algorithm more appropriately describes SV contribution to the ejaculate volume (71.7% of the total ejaculate). 'SV ejection fraction' was calculated as: [(total SV volume before ejaculation 2 total SV volume after ejaculation)/total SV volume before ejaculation] × 100. Ejaculatory duct dilation, calcifications and cysts were defined according to previous studies (Kim and Lipshultz, 1996; see Fig. 1F) . Ejaculatory duct ultrasound characteristics were evaluated after ejaculation, in order to better emphasize indirect signs of partial or complete obstruction (Colpi et al. 1997; Lotti et al., 2011a,b) .
Scrotal CDU was performed systematically in various longitudinal, transverse and oblique scans with patients lying in a supine position (Behre et al., 1995; Vicari, 1999; Lotti et al., 2011a,b ) using a 7.5-MHz high-frequency linear probe (L54M 6-13 MHz). Testicular and epididymal CDU features were examined according to previous studies (Vicari, 1999; Isidori and Lenzi, 2008; Lotti et al., 2011a,b) . Epididymal CDU features were considered after ejaculation, in order to avoid interference of sexual abstinence and to better observe indirect signs of partial or complete ejaculatory ducts obstruction, as previously reported (Lotti et al., 2011a,b) .
Semen analysis and hormone evaluation
All patients underwent, during the same ultrasound session, semen analysis, performed with methods recommended. Furthermore, total testosterone and sex hormone-binding globulin (SHBG) were evaluated. Blood samples were drawn in the morning, after an overnight fast, for determination of total testosterone by electrochemiluminescent method (Modular Roche, Milan, Italy) and SHBG by modular E170 platform electrochemiluminescence immunoassay (Roche Diagnostics, Mannheim, Germany).
Identification of case patients and controls
A SV ejection fraction cut-off was calculated as described below. Newly diagnosed cases of subjects with SV ejection fraction of ,21.6% (n ¼ 102), from enrolment up to March 2011, were compared with controls (n ¼ 102), selected from the same cohort. For each case, the first patient within the same series with the same age (+4 years), body mass index (BMI; +2 kg/m 2 ), total testosterone levels (+4 nmol/l), Seminal vesicles ultrasound in infertile men sperm concentration (+4 × 10 6 spermatozoa/ml), smoking status (current/non-smoker) and alcohol consumption (current/no alcohol consumption) was taken as a control. In the statistical analysis comparing cases (patients with SV ejection fraction ,21.6%) with age, body mass index, total testosterone, sperm concentration, smoking habit, alcohol consumption-matched controls, associations with a P value , 0.05 were considered as significant.
Data analysis
Data were expressed as mean + SD when normally distributed and as median (quartiles) for parameters with non-normal distribution, unless otherwise specified. Correlations were assessed using Spearman's or Pearson's method whenever appropriate. Differences between more than two groups were assessed with one-way ANOVA or Kruskal -Wallis test, whenever appropriate. Unpaired two-sided Student's t-tests were used for comparisons of means of normally distributed parameters. In all other cases, Mann-Whitney U-test was used for comparisons between groups. Stepwise multiple linear or logistic regressions were applied for multivariate analysis, whenever appropriate. Since SV volume, before and after ejaculation, was not normally distributed parameters, the statistical analysis was conducted on log-transformed parameters. All statistical analysis was performed on SPSS (Statistical Package for the Social Sciences, Chicago, USA) for Windows 17.0.
Results
The socio-demographic and clinical characteristics of the sample (n ¼ 368) are summarized in Table I . Semen volume and pH were significantly lower in patients with a SV ejection fraction of ,21.6%. The ultrasound characteristics of the sample, in particular total SV volumes, as well as SV ultrasound features, before and after ejaculation, are reported in Table II . The median ejaculate volume and SV ejection fraction-measured during the same sonographic session-were 3.00 [2.00-4.40] ml and 31.7 [19.6-43.8]%, respectively. Total SV volume, before and after ejaculation-as well as prostate volume-did not show any significant correlation with total or calculated free testosterone levels (data not shown). Conversely, the total SV volume, before and after ejaculation, weakly correlated with reported duration of sexual abstinence (r ¼ 0.131 and r ¼ 0.141, for total pre-and post-ejaculatory SV volume, respectively, both P , 0.05) and negatively with age, even after adjusting for duration of sexual abstinence and testosterone (adj. r ¼ 2 0.164 and adj. r ¼ 2 0.158, for the total pre-and post-ejaculatory SV volume, respectively, both P , 0.02). Hence, all the following associations were adjusted for duration of sexual abstinence and age. In order to avoid too weak correlations, only associations with a P value , 0.01 were considered in the following analyses.
Total SV volume
Seminal parameters
After adjusting for the duration of sexual abstinence and age, the total SV volume before ejaculation was positively associated with the ejaculate volume ( Fig. 2A) . Conversely, no correlation was found between pre-or post-ejaculatory total SV volume and sperm parameters (data not shown).
Ultrasound parameters
The presence of SV abnormalities (areas of endocapsulation, wall thickening and septa) was more often observed in subjects with a higher total SV volume. In addition, a higher prostate volume, along with a higher deferential ampulla mean diameter, was detected in subjects with a higher pre-or post-ejaculatory total SV volume. The 
. SV, seminal vesicle; DA, deferential ampulla; d1 maximum longitudinal diameter of the SV; d2, anterior-posterior maximum diameter of the SV. In order to calculate SV volume, d3 is assumed as long as d2. (F) Ejaculatory duct dilation (short arrow), cyst (*) and calcification (long arrow).
presence of a prostatic utricular cyst was more often observed in subjects with a higher total post-ejaculatory SV volume. Finally, no association between testicular features and SV total volume was observed (data not shown). Conversely, subjects with a higher SV total volume after ejaculation had a higher epididymal tail diameter (Table III) .
SV ejection fraction
Seminal parameters SV ejection fraction was positively related to the ejaculate volume (Fig. 2B) 
Continued
Ultrasound parameters
The area under the curve of receiver operating characteristic analysis for SV ejection fraction was calculated and assumed as an index of diagnostic accuracy for normal ejaculate volume and normal pH, according to methods recommended. When a threshold of 21.6% was chosen, SV ejection fraction discriminates subjects with normal ejaculate volume (≥1.5 ml) and pH (≥7.2 ml), with a sensitivity and specificity of 75%, and with an accuracy of 78.1 + 6.9% (P , 0.0001). Hence, this threshold was used to evaluate possible differences in sperm parameters and ultrasound features (Tables I and II) . Among the patients studied, 102 (27.7%) had SV ejection fraction of ,21.6%. No differences in age or clinical and sperm parameters were observed between patients with or without a reduced SV ejection fraction (Table I) . Conversely, patients with a reduced SV ejection fraction had a higher total SV volume after ejaculation, as well as a higher frequency of SV giant cysts, and a higher prevalence of ejaculatory duct abnormalities (dilation, calcifications or cysts; Table II) . Interestingly, the prevalence of 'giant cysts' and 'wall thickening and septa' did not change before and after ejaculation, whereas the prevalence of SV areas of endocapsulation decreased significantly after ejaculation, in the whole sample and patients with or without reduced SV ejection fraction (Table II) .
No association between testicular features and SV ejection fraction was observed (data not shown). Conversely, epididymal abnormalities (Lotti et al., 2011a,b) .
b A statistical analysis comparing the prevalence of areas of endocapsulation before and after ejaculation have been performed in the whole sample and in patients with or without SVEF ,21.6%, resulting in a statistical difference (P , 0.0001) between before and after ejaculation in all the groups. c 'Giant cyst' and 'wall thickening and septa' did not change the prevalence before and after ejaculation. Hence, we report prevalence once.
d
Severe echographic-defined varicocele with basal venous reflux increasing after Valsalva's manoeuvre (Isidori and Lenzi, 2008; Lotti et al., 2009) . A statistical analysis comparing patients with SVEF ,21.6% to those with SVEF ≥21.6% has been performed. *P , 0.01, **P , 0.005, ***P , 0.0001.
(hypo-or hyper-echoic texture) and higher epididymal (head, tail) and deferential ampulla mean diameters were more often detected in subjects with a reduced SV ejection fraction when compared with the rest of the sample (Table II) .
Case-control analysis
In order to verify our results, the significant correlations between SV ejection fraction and ultrasound parameters were also assessed by comparing subjects with reduced SV ejection fraction with age, body mass index, total testosterone, sperm concentration, smoking habit and alcohol consumption-matched controls (Table IV) . In this statistical analysis, associations with a P value , 0.05 were considered as significant. Even in the case -control analysis, subjects with reduced SV ejection fraction more often presented a higher total SV volume after ejaculation and a higher prevalence of SV ultrasound abnormalities including SV giant cysts as well as ejaculatory duct dilation and cysts (Table IV) . Furthermore, in these subjects, a higher frequency of epididymal ultrasound abnormalities (including a higher head diameter and higher prevalence of hypo-or hyper-echoic texture) were also observed (Table IV) . Finally, no difference between cases and controls in other sperm parameters was observed (data not shown).
Discussion
In this study we evaluated the volume and the emptying characteristics of the SV in a series of patients attending an andrology clinic for couple infertility, along with their possible correlations with scrotal and transrectal ultrasound features. We found that a higher SV volume after ejaculation was more often associated with prostate, SV, deferential ampulla and epididymal ultrasound abnormalities. Similar results were observed in subjects with a reduced SV ejection fraction. In addition, our data emphasise the importance of evaluating SV before and after ejaculation. In fact, the prevalence of areas of endocapsulation, a suggested marker of vesciculitis (Vicari, 1999) , decreases after ejaculation. Finally, using this approach, it is possible to calculate the SV ejection fraction, which could be useful in assessing SV emptying (see below). Ejaculation consists of two distinct phases: emission and expulsion (Jeyendran, 2000; Bettocchi et al., 2008; Rowland et al., 2010) . Emission begins as coordinated sequential contractions originating in the testis efferent ducts, the epididymal tail and the vas deferens. Contractions propel the sperm through the prostatic urethra. Prostatic fluid is the first component deposited into the prostatic urethra, followed by the sperm-rich fraction from the deferential ampulla and the vas deferens and, finally, by the SV fluid (Jeyendran, 2000; Bettocchi et al., 2008; Rowland et al., 2010) . Expulsion consists of rhythmic contractions of the perineal muscles and prostate, which propel the semen in an antigrade manner out of the external urethral meatus. Expulsion normally occurs in a definite sequence. First, the prostatic fluid is released, followed by sperm-rich fraction from the deferential ampulla and the vas deferens. Finally, SV secretion is released (Jeyendran, 2000; Bettocchi et al., 2008; Rowland et al., 2010) . Hence, SV fluid is normally expelled in the last fractions of the ejaculate where only a few spermatozoa normally are expelled. Accordingly, we did not find any association between sperm parameters and SV volume or ejection fraction. SV diameters measured in our study were essentially in agreement with previously reported sonographic data (Fuse et al., 1992; Terasaki et al., 1993; Kim and Lipshultz, 1996; Colpi et al., 1997; La Vignera et al., 1998; Kim et al., 2009) . However, the volume we derived was substantially lower than in previous studies (Tanahashi et al., 1975; Terasaki et al., 1993) , probably because the mathematical model we used was different. SV volume before ejaculation was positively related to measurement of ejaculate volume. In addition, a positive correlation between SV ejection fraction and ejaculate volume was observed. These findings confirm, by ultrasound, the important contribution of the SV to the total ejaculatory bolus (Ramchandani et al., 1993; Kim et al., 2009) .
In addition, subjects with a higher SV total volume after ejaculation more often had prostate enlargement or utricular cyst, as well as a higher prevalence of SV areas of endocapsulation. Since benign prostatic hyperplasia often causes mechanical compression of the urethra (Fibbi et al., 2009) , it can be speculated that a higher prostate volume could also cause a compression of ejaculatory ducts, leading to impaired SV emptying and a higher SV total volume after ejaculation. Accordingly, SV areas of endocapsulation have been considered by some authors suggestive of stasis (Colpi et al., 1997) . In addition, utricular cyst, a midline prostatic cyst located between the ejaculatory ducts, may determine ejaculatory ducts partial or complete obstruction by mechanical compression (Kim and Lipshultz, 1996; Kim et al, 2009) , and might lead to impaired SV emptying.
The reported associations between reduced SV ejection fraction with the total SV volume after the ejaculation and ejaculatory duct abnormalities (dilation, calcifications or cysts) suggest that this parameter could be used for the assessment of SV emptying. Accordingly, data derived from nested case -control study further support this possibility.
Finally, subjects with a lower SV ejection fraction or higher SV total volume after ejaculation more often had higher deferential ampulla and epididymal diameters, as well as epididymal echo-texture abnormalities (Kim and Lipshultz, 1996; Colpi et al., 1997) . It can be speculated that in subjects with partial impairment of SV emptying, related ejaculatory duct abnormalities also might involve deferential ampulla and epididymis, leading to chronic increase of their diameters.
This study has several strengths. First, it examined, during the same sonographic session, both scrotal and transrectal ultrasound features, before and after ejaculation. Secondly, this study considers the duration of sexual abstinence and age of the patients. Thirdly, this study relies on a wide sample, compared with most of the previous studies on SV, performed on relatively small populations. This could provide more consistent results and substantially less interference evaluating scrotal and transrectal ultrasound features than in a limited series of subjects. Fourthly, the study simultaneously examined several end-points within the same population, allowing a valid comparison of the co-prevalence of the parameters examined, and supporting their possible association with SV characteristics. Fifthly, a statistical analysis comparing patients with a reduced SV ejection fraction to age, body mass index, total testosterone, sperm concentration, smoking habit and alcohol consumption-matched controls has been performed.
However, this study also has several limitations. First, the results were derived from patients consulting an Italian andrology clinic for couple infertility, which could have different characteristics from the general male population or those males consulting general practitioners for reasons other than couple infertility. A true control group consisting of age-matched, apparently healthy, men is lacking and therefore true normative data of sonographic parameters cannot be inferred. Second, finding statistically significant associations in a cross-sectional study does not mean causality.
Conclusions
This study confirms the important contribution of the SV to the ejaculate volume. A new parameter, SV ejection fraction, has been investigated which could be useful in assessing SV emptying. A reduced SV ejection fraction (,21.6%) is associated with prostate -vesicular and epididymal ultrasound abnormalities.
